. Enzyme, abbreviation, Enzyme Commission (E.C.) number, and staining procedure reference followed are presented in Table 2 . Gels were treated with the appropriate stains for the enzymes analyzed, fixed in a 7% acetic acid solution, and then photographed. Recording and analysis of enzyme patterns. Enzyme bands were recorded as relative mobility (Rm) to the dye marker. An index of similarity between two isolates based on a comparison of separated bands was calculated using the Jaccard coefficient (Sj), which was used to prepare a dendrogram by the unweighted pair group method using arithmetic averages (UP-GMA)23).
RESULTS

Isozyme patterns
The results indicate that all the enzyme patterns were species-specific, although a few bands in some enzymes, i.e. SADH, MDH, LDH, PER, EST and FUM, were common to two or the three species tested (Figs. 1 and 2) . Eleven of the 15 enzymes failed to distinguish host specificity in P. gregata, i.e. ADH, GPDH, SORDH, SADH, MDH, IDH, G6PDH, GDH, TYR, FUM and TO (Fig. 1) , while four other enzymes, i.e. LDH, PER, EST and ACP, showed differences between the adzuki bean and soybean isolates (Fig. 2) .
All the adzuki bean isolates had three active bands of LDH (Rm 0.23, 0.38 and 0.51), while all the soybean isolates lacked one (Rm 0.38) of them (Fig. 2a) . A slow migrating band of PER was common to the adzuki bean and soybean isolates (Fig. 2b) . All the soybean isolates had an identical fast migrating PER band (Rm 0.62), which differed from that of adzuki bean isolates. There was a variation in the fast migrating PER bands in the adzuki bean isolates; it was not detected in three isolates from Tokachi district (PA-1) but detected in five isolates from Sapporo (PA-2) and in two isolates from Kamikawa district (PA-3) with the Rm values 0.66 and 0.64, respectively. A fast migrating band of ACP with low activity was shared by the adzuki bean and soybean isolates, but slow migrating bands showed different Rm values (Fig. 2c) . The EST zymogram (Fig. 2d) revealed remarkable difference between the adzuki bean and soybean isolates, however a few bands were shared by the two groups of isolates. The variation of EST patterns within the adzuki bean isolates was greater than that within the soybean isolates; while the adzuki bean isolates from the same district showed similar EST pattern, e.g. PA-6, representing two isolates from Kamikawa district, the isolates from different districts showed variation.
Clustering of isolates The dendrogram obtained from the Sj/UPGMA analysis (Fig. 3) showed that the isolates Fig. 1 . Diagrammatic presentation of isozyme patterns for 11 enzymes indistinguishable of the adzuki bean and soybean isolates of Phialophora gregata. PA: adzuki bean isolate, PS: soybean isolate, AC: Acremonium sp., CG: Cephalosporium gramineum. The key to enzyme abbreviations is in Table 2 . As regards TO zymogram, PS-2 represents isolates 58301 and S8302; and PS-1 represents the other 8 soybean isolates.
used formed three groups, corresponding to the initial identification of the three species, i.e. P. gregata, Acremonium sp. and C. gramineum, with the coefficient of similarity (CS) of 0.05. P. gregata isolates were clearly divided into two clusters with the CS of 0.64. The first cluster contained 10 adzuki bean isolates with 0.83 similarity, and the second cluster contained 10 soybean isolates with 0.97 similarity.
DISCUSSION
In this study, the electrophoretic technique was applied to the adzuki bean and soybean isolates of P. gregata to detect cryptic phenotypic variation. These two groups of isolates were indistinguishable in 11 out of 15 enzyme patterns. This may reflect the common and reserved Fig. 2 . Diagrammatic presentation of isozyme patterns for 4 enzymes distinguishable of the adzuki bean and soybean isolates of Phialophora gregata. PA: adzuki bean isolate, PS: soybean isolate, AC: Acremonium sp., CG: Cephalosporium gramineum. The key to enzyme abbreviations is in Table 2 . Dotted lines represent faint bands. As regards PER zymogram, PA-1 represents isolates A13, A54-13 and A54-24 from Tokachi district; PA-2 represents the 5 adzuki bean isolates from Sapporo; and PA-3 represents isolates A54W and A62B2-2 from Kamikawa district. As regards EST zymogram, PA-1 represents the 4 adzuki bean isolates from Sapporo excluding A62A-16; PA-2 to PA-5 represent isolates A62A-16, A13, A54-13 and A54-24, respectively; PA-6 represents isolates A54W and A62B2-2; PS-1 represents isolates S57Ko, S57O, S8301, 58302, S60S, and St-4; and PS-2 represents the other 4 soybean isolates.
parts of P. gregata species and support the view that the adzuki bean and soybean isolates are conspecific12,17). Isozyme patterns of four other enzymes (LDH, PER, EST and ACP) varied between the two groups of isolates, which may indicate that genetic differentiation at the molecular level takes place between them. EST pattern was especially specific and was most useful for separating the isolates of P. gregata into two groups because pathogenicity tests are very laborious and time-consuming. Numerical analysis showed that the adzuki bean isolates were more diverse with the CS of 0.83 than the soybean isolates with that of 0.97, since the adzuki bean isolates from different districts exhibited more diverse patterns in two enzyme systems, i.e. PER and EST. The reason for this is that the adzuki bean pathogen may have varied naturally and adapted more to diverse environmental conditions than the soybean pathogen over a longer period of time after its initial occurrence in Japan; BSR of adzuki bean was first observed in 19046) and has become widespread and important, while BSR of soybean is relatively new to Japan, being recorded in 19802), and is still localized.
Differences in electrophoretic pattern of several enzymes between the two groups of isolates reported here were in accordance with the difference in pathogenicity, and this, together with the results of DNA sequence homology24), reinforces the recognition of the two groups as separate formae speciales of P. gregata. Fig. 3 . Dendrogram constructed by unweighted pair group average cluster analysis using the Jaccard coefficient. The details of isolates are given in Table 1 .
